Objective To develop and validate a prediction model for psychosocial problems in preadolescence using data on early developmental factors from routine Preventive Child Healthcare (PCH).
T he psychosocial (emotional and behavioral) problems of children and adolescents are a major burden for children, their parents, and others in the environment. There is now substantial evidence that some psychosocial problems have an early age of onset, coupled with high levels of recurrence over the course of life. [1] [2] [3] [4] The period from conception until school age is considered extremely important for children's development and especially their socioemotional development, which affects psychosocial functioning later in life. 5, 6 Consequently, early detection and treatment of psychosocial problems may considerably improve prognosis. Several reviews have emphasized the need for early detection and subsequent adequate treatment to prevent negative health effects. [7] [8] [9] Community pediatric services that offer routine healthcare services to the young population as a whole, such as those in the United States and Europe, occupy a unique position in terms of early detection of psychosocial problems in children. In the Netherlands, preventive child healthcare (PCH) provides health and developmental monitoring to all Dutch children from birth until age 19, and the participation rate is more than 90%. 10 Identification of children with psychosocial problems is one of the explicit tasks of PCH, along with checking a wide range of factors as part of its routine health monitoring.
Detection of psychosocial problems in children is less than satisfactory, with many early psychosocial problems going undetected. 10, 11 The aim of this study was to develop and validate a prediction model for psychosocial problems during preadolescence with data on early developmental factors found in routine PCH. This study used routine data from PCH to predict psychosocial problems in a community-based sample of children.
Methods
The TRacking Adolescents' Individual Lives Survey (TRAILS) is a prospective cohort study among Dutch children from 10 to 12 years of age that focuses on adolescent psychosocial development and mental health. 12 The TRAILS target sample was recruited in 2001 from elementary schools in 5 municipalities in the northern part of the Netherlands. 12, 13 Out of all the children approached for enrollment in the study (n = 3145), 6.7% were excluded because of mental or physical incapability or if no Dutch-speaking parent or parent surrogate was available. Of the remaining 2935 children, both children and parents of 76.0% (n = 2230, mean age = 11.09, SD = 0.56, 50.8% girls) of them agreed to participate. Responders and nonresponders did not differ with respect to the prevalence of teacher-rated problem behavior nor in terms of associations between sociodemographic variables and mental health outcomes. 13 Written informed consent was given by 2139 (96%) parents to retrieve their child's file from the PCH. From these, 84.9% could be traced (n = 1816 PCH files, mean age = 11.06, SD = 0.54, 50.9% girls). Children with and without a PCH file differed with statistical significance for prevalence of parentrated behavior problems (14.4% for the retrieved vs 20.0% for the non-retrieved, P < .05) but did not differ with statistical significance with respect to the prevalence of parent-rated emotional problems (16.6% vs 18.2%, respectively). This study was approved by the national ethical medical committee.
Measures
Information on predictors had previously been collected by community physicians and nurses (PCH professionals) as part of the routine procedure of PCH. The assessments included a general physical examination, standardized screening procedures and a semi-structured interview with parents concerning health status and physical, emotional and behavioral developmental problems, all of which were documented in the PCH file. An assessment generally takes approximately 10 to 15 minutes. As potential predictors, we selected early childhood behaviors, prenatal and perinatal factors, and sociodemographic variables from the PCH file.
Early Childhood Problems
Early childhood problems entailed PCH-registered behavioral features at age 4 (mean age = 3.88 years, SD = 0.15), from which we distinguished ''sleeping, eating, and enuresis problems'' and ''emotional and behavior problems.'' During PCH visits, the PCH professional inquired into these problems with questions such as: ''How is your child doing in terms of eating?,'' ''How is your child doing in terms of sleeping?,'' and ''How is your child doing in terms of toilet-training?'' Descriptions of these behaviors were categorized as ''yes'' in case of problems and ''no'' or ''missing.'' ''Emotional and behavior problems'' were collected from 2 open questions in the PCH files, namely, ''How is the child's behavior?'' and ''How is the child's social behavior?'' about which parents could provide one or more descriptions such as ''overactive,'' ''shy,'' ''anxious,'' ''social'' or ''aggressive'' ( Table I ; available at www.jpeds.com). Eight PCH professionals independently categorized the PCH-registered descriptions-emotional, behavioral, attention/hyperactivity problems or positive social behavior-in terms of ''yes,'' ''no,'' or ''not applicable.'' A PCH item could not be placed in more than one category by the PCH professionals. PCH professionals shared a very high consensus about the classification of the descriptions. The PCH descriptions were dichotomized as a ''yes'' if any of these were present and a ''no'' if none were present.
Prenatal and Perinatal Variables
The prenatal and perinatal variables in the PCH files concerned maternal smoking during pregnancy and low birth weight (registered in grams) as provided by the obstetrician or midwife. Maternal smoking was assessed as: ''Did the mother smoke during pregnancy?,'' dichotomized as always/never. Low birth weight was operationalized as < 2500 g, which is a standard clinical cut-off. 14 
Sociodemographic Variables
The sociodemographic variables were the highest educational level of the father and highest educational level of the mother. We distinguished 3 groups: low (lower tracks of secondary education or less education), middle (higher tracks of secondary education), and high (university degree or more) educational levels, respectively.
Behavioral and Emotional Problems
Behavioral and emotional problems at age 10 to 12 were assessed with the parent-completed Child Behavior Checklist (CBCL) for ages 4 to 18, an internationally validated questionnaire for emotional and behavioral problems of childhood. 15, 16 In this study we used 2 broadband scales: externalizing and internalizing problems. Externalizing problems consist of the aggressive behavior and delinquent behavior syndrome scales. Internalizing problems consist of the anxious/depressed, somatic complaints and withdrawn/depressed syndrome scales. Cases were allocated to a normal score or a clinical (elevated) score, by use of the age and sex-specific 90th percentiles of the Dutch normative sample. 15, 16 Analyses An average of 8.8% (ranging from 1.2 to 20.3%) of the values of the potential predictors was missing. Missing data on potential predictors were labeled as a separate ''unknown'' category in the analysis. This was done to explore whether the missing values were missing at random in the PCH files. For the CBCL outcome measures, the number of missing data was quite low, ranging from 0 through 31, with a median of 3.0. Missing data on the CBCL were imputed with individual means by the corrected item mean imputation (CIM) with SPSS version 14 (SPSS, Chicago, Illinois). Analyses were restricted to those for whom PCH data, as well as parent-reported psychosocial problems were available (n = 1692).
First, descriptive statistics were calculated for general characteristics, developmental factors and for the outcome measures. We needed 2 data sets for our derivation and cross-validation analyses, with both sets large enough for sufficient statistical power. Because a minimum of 100 events and 100 nonevents is recommended for external validation samples, 17 and Peduzzi 18 states that ideally there should be at least 10 cases per candidate predictor, we randomly divided the total sample into 2 unequal subsamples. The derivation sample (approximately two thirds of the children, n = 1058) was used to build a predictive model. The validation sample (n = 634) was used for evaluation of the validity of the model. Statistical analyses were performed with SPSS version 14.
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Second, to examine the influence of early development on the clinical scores of the broadband scales of the CBCL, logistic regression analyses were performed. On the basis of the results of the univariate analyses, we considered variables associated with the outcomes at P < .2 to be candidates for multiple logistic regression analyses for both outcome measures. The variables were entered into a backward stepwise logistic regression procedure, generating a subset of independent predictors for different scales of the CBCL. Interaction terms were also tested as candidate variables in logistic regression; however, none of these terms fulfilled the entry criteria.
Third, the accuracy of the logistic model (the combined set of predictors from the multivariate analyses) in discriminating children with and without clinical CBCL scores in the derivation set was evaluated by calculating the area under the receiver operating characteristic curve (AUC). The AUC is a measure of the diagnostic power of a test that summarizes the likelihood of a dichotomized outcome (ie, a clinical CBCL score) at various cut-offs of a test, in this case a prediction. The AUC can range from 0.50 (no discrimination) to 1.0 (perfect discrimination). Values of 0.50 to 0.60 are considered poor, 0.61 to 0.70 as moderate, 0.71 to 0.80 as goo d, and 0.81 to 0.90 as excellent. 19, 20 Furthermore, by relating them to the predicted probability from the logistic model, sensitivity and specificity for the outcome measures were calculated for a number of cut-off points.
Results
There were no statistically significant differences between the derivation and validation sets (Table II) . Table III gives the crude and multivariate odds ratios and 95% confidence intervals on predictors of externalizing and internalizing clinical scores on the CBCL. Within the derivation set, behavioral problems, attention/hyperactivity problems, enuresis (all at age 4), low level of education of the father, and being male were identified as significant independent determinants of clinical externalizing problems on the CBCL (OR between 1.6 and 2.3) in the multivariate logistic regression model. Level of education of the father and eating problems did not contribute to the model as independent predictors. For clinical internalizing problems on the CBCL, sleep problems (at age 4), maternal smoking during pregnancy, being male, and unknown status of enuresis were determinants (OR between 1.6 and 3.0). The label ''unknown'' on the different factors was predictive for later externalizing and internalizing problems (OR between 1.6 and 2.4).
The AUC for externalizing problems was 0.68 (95% CI 0.64-0.73) for the derivation set (Figure, A) . When applied to the validation set, the model discriminated between children with a clinical score and those with no clinical score on the CBCL with an AUC of 0.66 (95% CI 0.59-0.72). In terms of specificity and sensitivity, this means that at 90% specificity the corresponding sensitivity was 27% (Table IV) . For internalizing problems on the CBCL, the AUC was 0.63 (95% CI 0.59-0.68) for the derivation set and 0.54 (95% CI 0.47-0.60) for the validation set (Figure,  B) . With a specificity of 90%, sensitivity was 16%.
Discussion
This study used early developmental data as registered by PCH to predict psychosocial problems in children in a longitudinal community-based sample. We found that the predictive power of PCH-registered early developmental data was rather modest for behavioral problems, with AUC indexes being 0.66 (95% CI 0.59-0.72). This means that PCH-registered early developmental data correctly predict externalizing problems in children at age 11 in 66% of cases. However, for internalizing problems, PCH data are not found to predict emotional problems in preadolescence.
For emotional and behavioral problems at age 11, the predictive power of PCH-registered findings on early development was low to modest. Some caution is needed when interpreting AUC indexes, however, because the average AUC for prediction models can vary quite broadly, depending on the research field. For example, in prognostic reproductive medicine (for predicting pregnancy), AUC indexes between 0.56 and 0.64 are reported. 21 Furthermore, Diamond 22 has shown in a simulation model that the AUC for a perfectly calibrated model would be 0.83 at best for prognostic studies (versus diagnostic studies). PCH professionals thus identify and register early developmental findings in routine practice that are predictive to some extent.
PCH-registered findings on early development do modestly predict later behavioral problems in preadolescence. This finding confirms previous findings in other studies of early predictors for behavioral problems, which found that externalizing problems 23, 24 and attention/hyperactivity problems 25 in childhood predicted later psychosocial problems. Other studies found that problems with enuresis in children were associated with behavioral problems. 26, 27 Low socioeconomic status (low education of the parents) and maternal smoking have consistently been shown to increase the risk for psychosocial problems, especially for behavioral problems. [28] [29] [30] [31] Our findings show that PCH professionals do indeed identify and register the predictive factors that are found in these previous studies.
Findings on early development as registered by PCH are mostly not predictive for emotional problems in preadolescents. In contrast to our results, Mesman and Koot 32 found that early preschool internalizing problems were predictive for preadolescent internalizing problems. However, they measured early preschool items at age 2 to 3 years and used questionnaires instead of PCH-registered data. A second explanation for this might simply be that few early childhood features are predictive for later emotional problems. 23, 28, [32] [33] [34] A third possibility is that PCH professionals might not be adequately identifying or registering those factors that are predictive.
Surprisingly, being male is predictive for internalizing problems in our derivation set. The research, however, shows that in this age group similar prevalence rates are found among boys and girls for internalizing problems. 35, 36 One explanation may be that, because of the sex-specific cut-off points for the CBCL, sex-related differences were already taken into account.
Psychosocial problems were more likely if PCH had not registered findings on some aspects of early development, that is, if these data were missing. This implies that these data were probably not missing at random. Several explanations could be given as to why PCH professionals did not always register every item. First, the PCH professional might not have had enough time for the assessments and registration especially in multiple-problem cases (the visits are short, with many competing concerns). Second, certain parents of children with problems may have given unclear answers or refused to answer some questions at all. Whatever the reason, missing PCH-registered data may be considered to be rather predictive for future problems.
The strengths of this study lie in its large sample and its embedding in routine PCH, a program that contacts More than 90% of the total population. Moreover, we made use of data registered during the routine health and developmental monitoring that is offered to all Dutch children and collected and registered according to a highly standardized format. TRAILS has had a high response rate, and there was a high percentage of informed consent for retrieving the PCH files. In addition, use of multiple predictors is a major strength. Recent overviews have shown that in most prognostic studies, single rather than multiple predictors may be investigated, but that multiple predictors provide better models. 37, 38 Some limitations should be taken into account when interpreting the study results. First, the children may have received effective treatment for their psychosocial problems between the ages of 4 and 11, leading to an underestimation of the predictive power of PCH findings. Second, the fact that our sample had fewer cases with externalizing problems than those without PCH files may also have led to an underestimation. Third, although we consider the CBCL questionnaire as the gold standard, we cannot exclude that it might also be subject to error in terms of the identification of the relevant children. For instance, the sensitivity and specificity of the Dutch version at the cut-off for the clinical range are 0.66 and 0.82, respectively. 16 Fourth, some predictors had a rather low prevalence, which limited the likelihood that they would be included in our predictive model, even if they were very predictive.
For better clinical decision-making in the future, early identification should be further improved. PCH identifies children at risk for psychosocial problems to a certain degree, thus showing its added value, but effort is needed for further improvement. Previous research has shown that the use of validated questionnaires, training of PCH professionals in a structured method for identifying psychosocial problems, and providing more time for the assessment may improve the accuracy of this early identification. 39, 40 This study may add to the improvement of the quality of early identification in routine practice by indicating the predictors for behavioral problems that should be monitored.
Further research is needed to find those factors that are early predictors of internalizing problems and to improve the identification of such factors by PCH. Our results show that there is still ample room for improving child and adult health further through better early identification and treatment. The findings on early development as registered in the PCH files are modestly predictive for externalizing problems in preadolescents. 
